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W«y<! Hsmaon iaoh«» Jr. was horn Jwmmty f*t l^U
at yyl>8iiii» Illinois. K« roo^lired his ^Im^^mtSirf ©nd hl^
«ohool ©dumitlon In Vrt9 publla •ohoolt of fAywtt0vlll(»,
Arkansits. «»d Atlanta* CaNiorgla. In lf^36 1^ vmM graduataA
fx«»DB tl:»i &#oi»^a S9I100I of tm^molf^gy with tliMi a#gii^« of
Bachelor of ^ola»o« In Uh^GsloaX ^ngla^^-^^ng* Xn «rt»ia m$
ha «aa aimirdad tha Maatar of .'^lanaa dagraa from tha
inlv'aralty of Taimaaaaa. M waa aaployaai by tlia traimaaaaa
woppar 'wOiTpany, CoppartilXIt Tannaaaaat until July 11*41
whan oraared to aotlva <luty with tha ynltad 3tataa Navy.
Ha aarvaft alt^ tha navy In tha Atlantic. Madltarranaan.
$M, faolfi® tmaatara of Qparatlon \mttl Jrnin lf»40 ^mi ha
aiia otHmm^ to tha l?nltad Stataa Haval Aaa^aiQr araduo.ta
sohool aa^ audiaaqutantly to Ocmall ilniirarslty a^iara ha w«a
anrollad In tha Wm^vmt^ Sahool In Hovi^twsr IfNys for
training In Or^anoa Elnflnaarli^.
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Fig. 1, KciiilXibsliffil Oonv«r9ion ?wramk%9^.
Fig. a* T «iaoUoii HAt9 as a fundtlon of
rig. 5. Oumuliitlv* H«&otlon Bat« fHimtlon
as a Fiinetlon of Conveimimi.
.k!m^mM^i*i
fuurl0 aeid from sulfnx* dl03<[ia« by ^m» oontaot proo^sa ftr«
either iTid^dltin oxl(li<i or tinntlf aiTia^A platii»n 4l«po«it«A
08 a 9^tflilaa.e oairlor* lliutt#rcmi lirreetlg&tora fmf9 •tudi«d
tli« oatalytlo oxid^Uon of sulftir ai07da# with th» obJ«otlT»
of fomtHfttlnf tQiia^cms to rtprssMit th9 rt^^iotlon rat««
flit m&M% r#<HNit c^mtritmtlon ii thui o<at of thooretloaX eqmi^
tlona of Hgr^Mrm ana Wataon^^, irtio haiwi eorr^lat©a th» data
of tevift £^ M#c^ tsf Bfi »icpr«s«ioii badoa on tli« thsmvf of
aotlimt^ aftiorpUoii pre#ifit#a bsr Hougmi ttoft Wfttion^, This
#i|i;^ticm flt« th» mmy^rimwntiJL a^nta of L«ifi8 and Hloi as
vail aa 1i9M1j» o«a anpirioal a<;uatlon> ana la fiara uaat in
making oonsMuriaou of ocMSvaraion affioiaitolaa vitti t^raring
ioaa ratUNi*
mhcf ?mQ
Xtm basic t*0action for acMoaaroial pro«!t8otion of
9uIfurio aoia by li]at#ro^a»ao«ia eatalyaia la oraait#a to
Paragrina PMIlipat ^^ex> waa iaauaa a Britiah ijatant in 1S31
for tba oidaation of auXfur aioxiaa t^ paaning a m%x%wt9 of
siidfur aioxiaa ana air t^a«>uf8^ it hot platintis tiiba^. Thara
was no raaliy aoiraarolal appiioatlon of tha oontaot prc!»iaaa
fw a iMg nam mft&r tTils* ?hi olMUa «iiA tagUMyiaf
MttiitlMtt tor prftotloal «ppXle«tlon of ttm ecntaot proetti
bftd not dicrilop^dff tt» •sdL^ting otaKber proo«8t «a« aA*»
qu«t« to fvi^l/ th# AMUHia for aoid of oriln«ST ^owtntm*
tUm^ ftsia thftvtf «m« Ttry llttl# d«ssar^ for fuming tulfurle
th« MteoTtry of ayntJwtlo^faethoas for isaklng
•liiiurln fro« «ntlii«c|iilnon«> In IB'/Ot er#at«d • mry ftotliNi
d«nand for ftsntlng «tJlftirio aold* ain«# th* numiifaoturtt of
fuming mXA from ohKHUmr aoia la «9i^p«ii«iv« ami in«ffloient«
thla new iimmM rmm^V»& in rmnmmd intarett In th» aantntit
proe«a8« Fartay t»aoaiiea of ^t #rroMma itbtmtf of "ifinklar
tUmt tarn raaetion §aaao ahoiald b« uaed in stoioriiomotrlo
ptpaportlflM^ |MP«8raaa was vary 0lov« Ora^tmlly* iieaavats
avaaaatful oontaot prooaaaa* itiara Aairalopad, Tha ^nrly
datiilopiMmt wae in ^aroM&iy. and laoat of Vtm aarly vorlt vaa
d^ia iBQr Badiaalia AnilU>»und 8od»*Fabrik. Wot a long tisa
tha ^paratian aonditiona woro kapt aonfidantial; about XWO
tha aaaantial faaturaa of ttm prooaaa wa3ra diaoloaad «rid
natanta aovaring ttmm vara laauad, 'Jntil X<^27 tha only
praotioabla aonaaroial pTOQ99iBo§ uaed platinum aa oatalyeti
in lf^27 tha itaa of vanadiizQ in tha noiwaDilMHBiPiabia nuolaua
of non-Bllioaotia baaa-»axoliaiifa aarriars davalonad by Jaagar
and hie aaaoeiataa waa introd^Hiad to tha oomnaroial field.
fha BMiat auooaaeful platinum aatalyata h&va baan
tboaa oarriad on atn^^rta mmh aa aabaatoa fibar. maifnaalvB
«iiifat«» and «llio« g«l. tiMise Mff#r»nt tyn^ai liavlng Imh
#on^ moT^ or !««« l<l«ntifl#d wtt^ th0 iMirtiottXar pK*o#«»
in w!iioh Vh,^ art ««r>loy»cl* th« pf^aratlon of th»s# 0ate»
Xl'ttt* altlioti#i iiffipl« In prlr»}lpl#t It In pxm0tio# mm»^
thing of 0^ art, Th# T^roo#g« inrolvts tliU wtttlng of ttm
fxarrX^r with n tolutlon of a platlnaB tidtt titttelly pXatlnlo
ohlorMt. lynd thim rtdtioing tli# malt td siatalllo platiaixk
With pl^tinitmd matgitiatitn sulfate and plfttlnix^ mabai'^tNi,
ftbotat 5 to 6 troy oimo«» ot plittimm pmr «aily ton of m£im
fti?do aoia, art i^tquira^'^. Thi« oorr®«poiia,» to a '00iia«iiti«»
tion of platlnws of about f>*l to 0^3 pmt oaiit in tNa mi^
noaltffi 8^fata oaaa aa amparadi to 6 ^ 10 ptr o^t of ttia
iral#!t in tija awbaatoe ottaly^t,
Althoii^ tha usa of iraaaAitsi oatalarata for tha
o:ti^ation of mtlfur ^loxida "ims i«^|^«ta^ aa mmttf aa 1S06»
it wft» not until fibotit lf*t7 that th^ intro^iiotlon of J^m^r^B
Xtmror^ oatalysto plaot^ vajis^ltw wab^b in a noaitiiwi to
aoR^ata aawiorclally ^th tha platimim oatalytta. 1*ha
vana^i«n iMia«at ara praparad by tha dapo^ltian of saltt of
aaa«li«i pmitOTin^ on a oayrior mmh a« ICiaaali^ihr^. Tha
aotiirity of tha aaniaraial oatalyata is ustially gr#.p,tly ln»
03:*aa«aa^liy tha ad<lltimi of ^pvomo^m*^ nutsk a« ^^taaaii^,
c©loi^«f!, and hariira oompoim^s. fha «aohnni«» of the oici-
dation iMw^otion (m thaaa aataly^ta pra«uaably in^rol^aa tlia
r«a\3etlc«R of tha rmsiMXvm to ona of tha lowar 03ei€aa and
tha la^r r®*^o^idf?.tlon to th« T>^?^to:^l^a»
•eat laportant faotort ^iMoh th« engliMiar oan oontrol are
tinn«fm%«r«f pr«a#iir«9 mtlo of mftotontt, oatalyat. «iA
tlii« of oontaot* ffmm^ oontrollalAa feotora m^ affMt
#ltb«r tK# •<|ulllbrltaB or t^# maoUnn rata, tanparature*
7>y>aa9\ira« ana ratio of raaatanta naar affaot teth tlM aqttll*
ibrltn anA tha rata of raaotlon; a o^t^ly^t 91m affaot only
tlia rata at ^loh a<iulllbrlt»fi la aatabliaha^l* tn 4#t#i^liiliig
tha ootiiRMi 0]>aratliig oon<11tlon9 for a raaotlon It la
aaaaaaarar to aaalyaa the problan both from a Tiawpolnt of
aqulllbrluR ylaXA and raaotlon valooltr*
£<|ulllbrliia ylaXd oan ba aosiptttadl fron tha fanlllar
naaa aotlon raXatlona. tha reaotlon un<^«»r oonaldaratlon tnaj
ba rapraaantad by tha obamloal aqtiatlont
•Og T 1/2 Og - 303
Tha ^mw^l ttantoaotlon aquation for thla raaotlon lat
F "" M .
In t3ia aoimttatlon of th^ a<|talllbrlis jl^ld or isaroantaia
aamraralOR of aOg to 903 tha following ^rabola ara uaadt
a m Molaa of fX>^ in oidglnal r^lsttura.
b m !fol98 Of O2 In original mlxtura.
o m Uolaa of If2 in original niictura,
X m fraction of fSO^ iw original olxtufo oon-
rartod to SO3 whan a<:nilllbrluRi la raaohad.
»Imglit 1<^ !itol#0 of #iit#rlim i»««
At «qullll5rii8a thi#r» will but
• • • o • 9
^2 ® f § ^
iO«tt •••*»*•# ffl Ji2 MBk m
fotftl i^-^t^-**-!! + ^ aol#6 «i M
fbi (ismrf^^iiofi for t^ law of mase motion majr rK^ tm written
in the roxia —
-
^^^±^>^ i
fhXn gliras aa @3tpr»Bi2ion for tqiilllbritrs, t^^mmrntmi m «
fuaotl0a of ti«^«ratuEP» mvH initial piiS o#mpo8it5.on* If w»
iip®oify itMi miiljrtilii of thi oyl2;lml ??l:^tttxi» ^« oan <N3iipute
tha *i*ntiiiii:)2»itM8i ooirrer^lon at mtf d4i«ir#4 t#rait"Mimttir«»
Figure (1) has litiwt pn»p^r«4 from Ikiiaatioi^ (1) for ttett
diffef'Qnt pi« mlxtyri«>i. It indiect^u thu thiwsretioal p»F*
o^n*t'*r:t ooirr«riiion tHn.t m:i7il.«? "fei* r>bta5.n#^. if eqitjilibrliia
WBr% ••tft!bXi«>Mia in th» iyit^ra At th« Tarltmt tMrp#rfttur«fl«
In 04Mn«ro|ja t>r*otl0« oonnl«%t •qullibriuffi Is rmrf «i«1<Ior
MiM#ir»A b0oiLU«ii th# Itngth of tin* rtqtalrtd for #(!nilll*
brldB to b« r0iu»h«d wowlA require ^qulpro^nt of proMbltlvt
•iK«. Ho!v«ir«r» mrwi yiAmt th« r^iuitlon do^t not prcHi««A to
•qulllbriixa In thu AViilXal9l# oontaot tlei9» tte op#ratloii
lugr l># OQMRitrolftlly ftN&elbla if th« approanh to oqullibrlun
!• r&plA*
jli^fiTIM MM
tfany of tH« faotors lnflu«noing tbo oqtilllbrlun
conversion also play an l!a^:>ortant role In determining the
reaction rate. BottetUsee a otian^e timt Inoreafl^e tiMi rate
of reaction redueea the extent of the conversion. For e»*
asple* iMle the equilibrli89 oonveraion deereaeee fro«
^^•8 pmt cent at ¥><^ C. to W.o xmv cent at ff^ 0., the
reaction rate at the hiifher teaperature le a^proxlBuiteljr
forty tifiee that at the lover tee^erature^.
The 05fldatlon of sulfur aio^cide ie a reaction
the rate of ehioh can be greatly inoreaaed by the "pr^mm!^
of a catalyet • ueually either finely <1ivided platinum or
Tanadium oxide. To arrive at a baeia for eqtilpeient design*
nany investigators have stuaied this reaction vlth the pur»
pose of fomulating a ma^MMiatical e3cpr«te«ion for reaction
ratea*
fhe oxidation of sulfur dioxide on platinun cata*




, r45d Ifagaor mA Imitmr^, wft &tt«n|>tt liaw
tii^^Ti nade Ijy tiheis© wor^rs to oorr«lat« tb« i^milte bj era*
plriaiil ei|uatlon«* A« a r©m!lt of #3S|>«rlaimlMi itarriti otit
at ooaate^it voli»i« Teg-lor and t^rOiw prosK>««« m ©crtisitlon
of iStm torn
' ^ K,f^-, (2)
'*ii" li? th# oxj^xm prM^irt At t!»i# beglimln^ of tte tiBp^arl-
mttitftl run ssinud the o:iQri«!n prtsiyy© nt »millib?^^*ta. nr^
^0* It c«n#-half th«9 «ulfur trloxi^e pr- -'- -
.:\ .:^
of tb« run,
^Tommmv ana ?!iiliip!s^ intr^-^uoM trit fe?aowiii@
8^l»ol« la applyiag iki«»tiott (2) to ©oodltlons of 0<mat«nt
praaswe 4«id •3spr»ioi«if <|(i«^tiU#« at molts per 106 mlm9
cf orlgliml tmoTttlsM gAtf Mntalnlng tio m£Lt\x^ 'trimlde;
K •• - ^g at «iir InetMit.
31^ «i :-^ol®« €Rf ^>g In original mi'jeturo,
3t^ » I olti of aOg ftt ec5itiiibri»»
«" ttetal wm$smr of aoltt of i^ at t^ in«taiit»
Q m A fftotor ^ oonirert tahta pr^newm imlts of
Taylor and L««h«r Into iiolaa par 100 molaa
of orlgliial saa.
k •• ai • *actlTltr* of oatalaret.
Substltutlaa of tlia abmm nommlatiira into Upwttlon iz)
pro^uoaa
y^'
Xnt^gratdLcNi bfttv»«t& lidta X^^ mA Xg for th* MoXts of «^*
fur dloxld« pro«<mt» iim tx^&tloff ttut total wmStmv of «01oo
of 0ao AS A oomtwt at Itt aToraft valiio» 2^» ilvoo
/ . /<. vrJ r ' . ^ A- '^^o->r(i ^ r^.- -'^^ //. ( 4)
Kxoopt for tho ttoot critioal mdx^ 2^ naj bo aaaiMOd to tio
100, ttUioo tbo oliaaffa in voltsa^ la rolatl¥«>ly flttalX. I'hla
o<|uatl«ft bat boon yoaomimdotl by Ororronor and )Phillipa for
•oi^utlai i^pproxiniato partial oonvoraion obtal&t4 aa a ^aa
paaaoa aooooaslTaly throtjgh anvaral parta of a oenBaaroial
oonvartar.
If no auXfur trioxldo la praeant in tha Initial
gaa nlxtura« alnoa {%^ « X^) m 0, Equation <4) alffpllflaa to
^a o<mvartlng powar of aiffaront oatalysta say ba avaluataft
In tarma of a etanOard by 1^18 aquation. Mo^lfioatlon of
oonvarslon by irarlatlona In gaa oompoaltlon and flow rataa
oim al?o ba pradlotad. S\ioh oors^utatlons Kt% faollltatad
by Xkm oonstniotlon of ourraa oorralatlng "Qm dlffaranoa ba»
tvaan a<|ulllbrlua oontrerilon and tha obtalnad oonraralon
with tha *tlma activity** produot* Kt» for a glwan \mm^%T^
tura* fl»«a7ar, ocoputal^ona with tha abova aqiiiatlona aaauM
laotliamal oonverslmi; In noat aotual unlta laia oonwaralon
la affaotaa In adlabatlo atapa. l^iodlfloatlima amat ba Intro-
duoad to naka tha aquatlona ariply to adlabatlo oondltlona.
tMoreover* IQm nbo^m #xpr«ft«loiui ar« lift««d on Bisp^rlmmttiil
'in V^^f hmtlB Sana m««^ lnv#«tlg»t»d ^m r9^
action un<l«r ooiidltlond «hioh more nearly «ippr92clfiiat«d oomm
mm*i>lBX prm&t%cm^ $ml attmoptcNl to ootn!««Xat« Ihalr 4ata bgr
«^ tiipirlaal ^qixation* Mar« r«9<mtlr* Uy^lmsii amd »at9on^^
liairt developed a tb»<»r*tioa3l aquation bAft«d upon tl^ tliiorar
of iM3ti'^at«c|. a<|«ori>tloti ^^nioh mpT^$m%tii ttm m^f^rixmntel
^ata of l^^mflB m^ p«i ad Ma^^uataly a« ^oe« tb» «iBi:i»irlciikl
r#iatloaa piloted by tl3«n*
fJi» rorsrjlation of aziQr l^ieoretloal «<|tmtlon for
r#T?i*#d«iitli^ ttm rate of ri^aotion in an^ ohe^fsioal ohaniBJi
iiu«t b« l>o«ttil4i.t#d vti^m •(mm mmhM^m for the reaction*
"Bwrm art »im^ oomi^rcially i^s^portimt gas r0iiiitiotta» «im^
a© thd one in qtiodtiont ^hioh &tm Ixiinm to ooour icore rapi^
I7 a$ h«t#roptti#Du» pixiiMiftiKia oa the surfe^# of a $olid
oataXyst t^itan at a hooic^p^atoua pit pha3« r<«»i^.<>tion. It !iiaa
hmn fMiirally agraM ttot ttia primary fmotioii of tha
ti^yst is to adsorb tlm raaotiz^ noXaotaaa a»d by aa aoi»g
to reduoa ^isft aotivation <margy ra<|ulra€ for ^ia raaotion^*
^^noTptUm of ptaaa 1^ aoli^s may fall Into o»t of two typaa
ar,>#Mi«tg urx^ th© nat^ira of tha foroaa inifolTeas Ca) Van
<l#r Wau&l*® a^tot^^tiont in whioh th^ foroaa ar® of a pfsyaieal
ns.ttrfaj fmM Cb) "Clw^leorption* or aotivat#^. adsorptiont
w^iXcn ijivolv^s foroas of a natura aimilar to tiaoaa invcdliFad
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In thi fonB&ticn of ohvmioaX
fh» ««oh«iaaai of reaotlcns ooourrlng at ttm mtrfaM
of A solid OAtAljrtat lavolvee flvo atopot
(1) Tht u«s tranftfor of tstm roaotMita fron tho
aala Xno^ of tbt ^mmouo idjcturo to tbo solid
Inttrfftoo.
(t) Mooxt>tlon of tho ronotsntt on tim mafmm of
tho oatalrstu
(5) Bottotlm on tho surfsoo of %fm oatdlyst to
foxtt adsorlMd prodiicta*
(4) Otoorptioo of ttm r««oti<m pirod^iott.
(5) Kftto tran«f«f of tbo 911000VM pro<%\iot8 from
th» «tirf«M to 1^ bulk of tho gas piiaso*
If ar^ ons of the oonseoutlT^ stops takos plaoa mioh mors
slosfly than all of ttm vast, ths slow rt^ction asteimiiiaa
t;!\s OTSrall rsaotion rata. Wy analrsis of aai$>ari«antal data
it is possibls to slimiiiata aartaln of tha poseitaa stops aa
rata*datainining in a partlotil.«,T proosss. for iweeepla, if
zhB naas transfsr of rsaotants or. nora funaosiantally* if
diffusion vmtm tdhMi rata^Aotortsining stap« tha tssiparatura
oosffioiant of tha roaotlon rata mvCLA be of tha saaa orftar
aa for paaaaa diffusion, nowrrsrt g^iieoua diffusion rataa
do aat ifai7 aaq^attantially witSi tswjisratura as do ratas ta
hat^roesnaous obanioal ra^otlons but In proportion to tlia
ayHira root of t9ia tsnparatura.
Aa pointad out by Hongsn and Watson^, trio r^.tas
of thBm fliiff»r«iit 9t0p§ d^pmnA 'UiJ^a wMnly (^Iffiirent factori
la aaditlUNi to tli# 6am«ntmtieai gmaientt invol^^d. Tbm
«t«p« In^wlving WBMB tran«f«r «r# oontroll«a tjy 1^ dlffuu*.
lTltl#9 Of tlift fMirtlQ^ar pi««i pr#9«nt ami tht ai#ir#« of
turtm^iif^t in tho flow 9711tutn. Tim stopi InTol^Tif^ iUI«orp-»
tlon mvfi dtsorption dopend on t3i« ohtt3!*ftOtfir and «3ctent of
tJm oataljrit iius*ffto« ai^ tM adtlvatioa onorglat roquirsd
for ^119 «td«orptiofi mA ^»mrpt%&n of ttm oosipomMnts involvod*
Tho aotuol rato of ttm mirfaoa raaotlon dap#nda wyon Vtm
axtatit and oharaot^r of tlMi aatalyfle atirfaoa^ Insofar aa
it affaota ^ba aatln^tloii anargiaa raquirad for ttm partl«
oular raaotion. lisugan and Watson hava dav»lop«d thaoratl-
oal rata aqtiatlofia baaad upon i^iata oonoapta and on tha
raaac^ialsla aaavn^tlon that ona of tha four atapa wmf \m ra»
gardad aa rata oontrollli^^« aad tliat tha othar stapa ara ao
ra.|^ld relatlTa to tl^ oontrollliig rata timt aquillbrium t»lll
b® raaoHad with raa^aot to tham*
ll3ralmi^ ai^. ^ataon-^^ )wmi apnllad tha raaultlng
a(|tmtl<ma to tha raaotlon Involirlng tiMi eatalytlo ossldatlon
of mtlfxiT dlosrlda on tha surfaoa of a platinum omtalyat#
fhalr liiwi of attaOli la baaad on tSia poaalMllty of fotap
rata-datamlnlag atapai aotlvatad adaorptlon of aulfur
dloxida^ aotlTatad adaorption of osygan, &M daaoyption of
tha aulfur trlostid®. Thay asstjgsa ^m.t oxypm ia atoiaioally
&6.mrtmd m% th^ oatalyst, that oii# of tlia fowr stapa oontrola
tha rata* and that tha ramalnlng §%mp» ara ralativaly m
faat ^mt tha^r raaah mcid maintain aquillbrliM. with thaaa
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AStUBptlons Uy«hai>« and Watson hare aT)T?lled the theoretical
rtlationi of Hougta and Watson^ to yield the following
equationa for eaeh of the poaaible rate controlling steps:
Adsorption of aulftu:' dioicide iHite controlling,
r^L --^j^^Li^^Al.. ]l^ ,_ ) . (6)
<. *
Adaorotion of oxygen rate controlling, similar to above.





p., ' : _.^r^ :. ]/' .- y>> ™- ^' (7)
Surface reaction rate controlling.
The symbols are defined as follows;
r M reaction rate, !aoles/unit aass of
catalyst/unit time*
E^ m effectiveness factor.
m overall rate constant.
7 m temperatare degrees iLelrin.
AH « overall standard swthalpy change.
R «• gas law oonetant.
K » overall fluid reaction eaulllbrii«a constant,
w m proportionality constant relating concen-
tration change to reaction rate, r.
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from A qiiJRlltatlf» anaX^raii of •3C|><(irira«ntAl dftta
ftAiorptton of iulfwr dloiddle as i^.t«-e^ntrolllni wm» •llral*
fieted att «i ^tilblllty tsgr tb« tt&Qt that th« initial rat# of
03tidr4ti<:^ ^siM lii6r»a«9A t»7 an lnQ7^a«9 In partial prtusura
of althar milftsr ai05tl<3i» or OTf-^mi» vliaraat fquatlon (6)
vould r«qi\ilra th&t tl\9 Initial rat# of oxidation \m rtdmoad
l^y the Ineraacoi oonc»ntratlon of oigrgwi* Tha postlbility
of os9^s<^ aiaev^tloii bainf rat» oontrolling la alliiiinatad
aimilarlSTo '^aaorotlon of culfur trlojdtfa conoantration la
IMioatad h^ airperimantal data« Kqtiation (B> for tha rata
of aurfaoa raaetion waa aalaotaA l9f tifahara anA ^^ataon aa
fe«it rapre^^ntii^ tl^ (imaXltativa tran^a oht^rw^ In axi>ari»
mantal data, fh^ nltroi;:©n oonoentratien iraa ^itmvn by
Bodanatain isn<l finltl to hava no affaot on tha oridatlcai rata^
ao t^t in ttMilr final aquation Uyahara and Wataon baira
drop|>«d out all tarms involving tha adaorption a<|tsllibrln»
oonatant of nitrogi^. By latting
iQuatlon (S) Q83ti ba «ritt«ci
fha adaorption acaiatoita art amliiatad from a»pari»
mental d^ta. Xf ^m oonoantratlon of aulfur <*!ioTiaa is
ariad ^itilla the ot^iar oonoantK-'tlona ara h«ld oonstant, a
nlot of
M
^/SKI]^ apd»i% f^^ win
prodxiM A ttimic^t line. th« alon* of i^loh !• Al,. /it7 •
By tlnllar niots oorr«latlns partial Di^smiraa af oxygMi ant
sulfur trloxlda at tha aaaa tanj>ay«tura, tha othar oaoalanta,
/Co^M^t •*** KsoJ^J^t •*"* ^ arolttataa. By
aubatltutlng valuaa of th<% oonstanta thua found la B<|«MiUon (f^)
o^ eaa ba airalttstad t^y applylniir It to aaoh asnarUMmtal ob»
aarratlon at tha tafsryar&tura mii^f^ oonaldaratlon.
Is^rlmimtal data ahow that Initial osddatlon ratt
la dlraotly proportional to tha flrat t>owar of tba partial
il^Tm%m^«tm of aulfur dlo::^ldat and a plot of 8c|tiatloii (f>) pro*
duoaa a straight llna the alopa of wMoh la almost aaro.
Thua tha ttrsi
^aOo^aOo ^ ^^ danonlnator of thi rata aqvMi»
tlon la naf^lglbla In oonparlaon to tha othar tsyna and In
tha final aqiiatlon la ofalttad*
Uyahara and Wat^ion*^ final aquation takaa tha
faUavl«f form;
and thay raoomiaiid tha uaa of th« follovlng oonstanta:
K =- i, <'' 'C
/v.' -
-^Jr^ 2Z. ^ ^^
i_ - r^ ^'w/ A*
^^H' ^ T-j^yo
nflw qmntLtut ^^^ for %h» particular eattayet In
ttaa imi0t h9 tval^Mitftd from exp^rlia^ntftl obs^rrationa. By
•aiT^Ioylng tiaa ai^va aquatl<m tba vi^lua of tha oaobinaA imwm
r/ffi^a 0«m be oofspiitad for any ti^paratura anA oooi!>0aitl<m
ef iae. Oiirraa praamitad i» 91gt«m ( i?) rapraaant aoali ooi»»
patationa Mi^^ a® aw InlUaX gaa aofl^^aitioii of ?.a par
#a«l iOg. 10. a per om\% O^* aM SI* 4 i>ar aant ti^* In %M.a
aaaa tha logarllte of (r/i*K;^G) x IfH haa baan plottad agadnat
tSia fraotlon of a\ilfur €loxi«Sa In tha orlgtmil aiattura ocn»»
vart<fd to mUfxw trloxtda.
If tlia oonal^mta w, S^t ana Imva baais avalmtad
for a oatalyist. tt» usa of tha rata aquation paralta tha
datana4»atl<m of ta^a iroluM of aatalyat racpilrad for •aa%3ril^^
a a>#oifiaa ooniraraiori at a knoan rata of faa€, Aa ahoan
^y ^oiip© aaa Wataon^» in an alaeentai^ oroae aaotion of
aataljrat 1^^ Imviag e "folwim a? If a con«>?ar^i<m dX ia pro-
dtioadt it naoadaarlly follow* fra© Itia aafini^on of raaation
rata, r, that FdX » vp^f^ ^mr^ F la tha raaatar faaft
rata in ssolaa por unit tlma, X i« tha laolan of 90g eonvarl^
PBT laola in tha Initial fimd, p^ ii tha baOk Aaiialty of tha
oati^y^tt mH V i# tha irol»a of tha ra^^otor. Aa ahoiwi in
rigitr© (2), r » f(3S) ao that wa hava d? • ^-^^^t i^JiA
lipoii lutapmtion gtw© tba rolwm of 1^ p^^tor
f » X ax/f(x) lu*%
Phjxi
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OonT^rsicm dfitu are QO^nonly ^xpreaMd in t^rmi of opaot
•looltgr* \, iihloh Mqr ^ doflntd ai» fol\»i#s of f^d,
sMmirftA nt fltiaiAcu<4 oonAltlon«« v^^ ^^tt tlR« T>#r tttilt
^roluno of oataljrst. ^ae« wlooltgr aan Imi obtaliMd froB
Sq'QAtlon (11) 8lno«
Pjp«/f(X)
whAFtt M^ If thi aT»rag0 mol^oular wni^^t of tht f*«AOter
feM and i^ is the d«nti^ of tte f«0d at etanOara oonditions.
Iipftluation of tl&« in^pral n«gr l:»t Miooiaplii^htd 1^ gr«p$iiioal
aethods*
^S^nm thotii^ ttm oonftantt v» S;|, and C havt not
iMNm •altiatid for ttm oataly^t in use* th» r&^ octtsatiOA
Mluia potfiblo th<i oompariaon of oonir«rdione at difforant
flov rataa and tlie pr^iotion of oomr^rsiona that aay ba as*
paotad for dlffarant rataa of faad* Hiia «araly iniroliraa
tM araluation of tha intagral (dX/f(X) ^^'^^^ ^^
in
two oonditiona. For a»UBpla» a gaa nixtura la^ioh oontainad
initially 7.S par oant SOg. 10.8 \y%r oant O^, and 81.4 pnr
o^it Ug haa p*aaad througli a prallr^nary aooirartar In whicdi
aanraraion baa prooaadad to tha axtant of 90 p^$T omit ia to
ba iatrodtaaad into ttn iaothai^mal oonvartar at 400^ Q. for
final traatoant at a rata aiiab ttet 3^ aquala ooo oubio foot
par hour p^n' oubio foot of aataljrot and laaTaa tha oonrartar
at a aoatpoaitlon oorraie^>onding to a oon^araion of ^6 pmr
IT
««%, It it €Miirta to d^ttrtiiM ttm 0WfW«lM ^tdt douli
b« »Tp#0t©d "stth th« sant oonv<i»rttr If th« spao« v^floolty
vmre lner#aaM to isnr cnilJlo fmf% tmr hovtr p«r ontjle fo0t
of ofttalyst. Fbr thl^ typ* of probltei it is cw»t^imient %>
plot ot»isytlatiir# ^raliMia of th« Integral imr«txt fr^^otlon ooi>*
T«rt«d« at 9ho9m in Hguro (3). fh«B It is only n^QmsnfkXf
to r#a^ from thi> chart th« dtilred conirtralon oorr^m>on^ing
to tfe« wltm of th<i Inttgrnl. In l^m iKS«nplet letting Kj|










Ag»JUi fvcm FigiBTt (3) 1MI find t5mt ^^^# oonir^i^^^lon aor'^ea-
pondlng to thl« mlxm for th« lnt«^pftl ii ^3.a p«r o«nt«
le
In fin Ai^labatlo ocnv«>rt©r, th» tiiBpiiwitar^, mBi
th#r»for« th* repotlrm r!it«. rarles frcw point to T>olnt.
By tlui ai>i>Ileatlon of » h«^a1> telano^ It Is r>o9«lbl0 to es**
T>rf^8« thm tmKpwniilsar^ an a ftmetlon of thm fy?iotlon of frUm
fur dlOTlda oonv^rtad mk! ftrrthar to A#flna tha raeotlon
rata a« a funotion of taetparatura* to lllu«trata let ua
a«t!»poMi that A bumar gaa bavins 7«S par omit aOg. lf>,0 par
otnt Og, and Bl,4 par oent Ho haa tmasaA ttaottfih a tjrallfiiu
nary eontart»5r and that 60 p?^r ocmt oonvax^lon !»• re^tultad.
%ftar ooollng» tha gas antart an ailiabatlo oonrartar at
4r»o^ 0, at a apaoa valeolty of If^oo otxblo f«©t par hottr ^^wnp
oui3io foot cf aatalygt §x^ a ocnv^^rslon of &) p^r oant la
obtainad* It la Aaslrf^e^ to dataxttln<^ to titiat rata tha apaaa
aloallgr »uat ba raduaad ta obtain a eonveralon of ^ pw
oant. wa i(hall aaatna a naan teat aai^aoity for tte gae r^Xy^
tura thraugtout tha rani^ of t«ciparatura involt^ of 7*2 gmm
o«loriaf par fraR mla p«r dagraa C, AH for tha raaotlon
will ba takan a« S8»8oo graa aalorlav p^r fiola* In ordar to
rtftka tha ooeiptitad valuaf for teftr>araturaa aorratpondlng ta
fractions of sulfur dlo^rlda oonvartad fall upon tha isothama
praTlouslj plotted In figura ( ??) • aonvarslons raqiilrad ta
produaa taw^aratura rlsas. At. of 26, 6^^, 75 ®nd lO'^ 0.
will ba ooRDUtad. Taking lOO stolas gas oixtur© oontslnlng
3«1I r>9r e^nt SOg, 9.85 par oant 02» and 81,4 p9T oant H^^
wa hava
At « 2a50Ci(x)/(7.2)(ioc) or X s 72r n^t/^imr^^
^0T^ X is tha tumbar of isolaa of BOg oonvertad In tha
'i. c
lUtltibatio vm^toT* ftrni thm total fmetloii of 80^ (Mm*
irerted in laoi&i^ prtllBUuaT «&a^ flaml ooair#rlMr will b«
StibeUtuting in ^ila equation VKll^Mli for ^t w« fiiiA Iftmt
X4 has Hie following valuta At iSm tma$»mm^taiimn inAioatiti
4r^ 421^ C 40D<* 4TO® C ano«>
X4 o.eo 0,62 o.n o.a o.f^i
if air«iwiiig tha brokan ounrt tlivouglh tha iaot^axva on
rigtira (8) c^rraipondifig Do l^aa points wa obtain a ourva
oorralatlDg ttsa rtNiotiosi rata and convaraion affioianoy tor
t1^ adifibrntlo oimvaralon* u^Bing thia ourvia «a our funotiim
for t!ia reaotlon rm%9
^StJ'^ aipin b^r gm^liioal intagration
aimluata tfm intapml i?C/f*(^ for a^inbatio oc»)ditiona
ani M bSMi baan #oimi for ^ha iaotlsarEMil Oftaa plot tlia mmp
latiira valuas of tha int#^ral ii.@Ainst fraotional oom^araion*
^?liia appaara aa ourra *B*» Figura (3)* l*roia thia ourra «a
find timt for a oonimrsion of 80 p^r oant tha ititogral
jai^fHX) baa a milua of 14*3 and tha indtia oorroapcmA-
ing to W pm* o«tt oonvoraion ia 1S«4* Inaartliif l^aa
Taluaa ia t^ a<iaatl<»i
w haim 18.4 x Affifi<i4,5) ana ^« attif^ mm»9 wlooiiy,
H s 44*4(iJi^) S ^^ oii^o foot i^nt bour par ouMo foot of
80
'Hit lnoreaii«d dtnanft for hl^ strtnglKh tulfurio
AOia tmjiiji^t About by th0 i7nthi»alii of afvilrttfft r«tt4LtM
in thd intTPdltiotion of a nunr pro«#«« for tfm mKmttm^tmm
of •ulftirl« Ml^ involving hm%»v0m^00w§ OfttmlytlA. Tber«
liRTe hmm oonitimt l8mrov«mtnt9 In tt»» t>r^o#9« lu^slng frem
Impf^mmmtm In dinslm «^ oontrol ^ich !ma Utrntr baaic in
th« f^naMMiitiil thtrmoajrnftmia m^ kinatio pi*cip#rti«« of tte
o!Hml«ttl f««0tion. S9i$NKrli!i^t<d inr^ttlp^tion b^r mifli«i«mt
«or%;#re tifti pi^uetA implrioml msA HMMnrttloal r0latioii«
whl^ 9«a b# iss«d m» a tool in ^Ssm ^*9tm of tiiuiiMMmt «iiA
in d«t«rsiinlng optiKon cM9iiditiem» of oo#x^.Uon. fhlB pm^9
has lllu»timt0« thi mmiMir in wl^loh r«aotion i^t«a oan bt
«jB«d in pr^tUeUng 9<Mnv«r«ic»i in tlia oontaot pro«#»« for
8ulfuri0 ttoid proa\iotlon.
ni
X. 8o<li«itt#ln, ^1., ima rink. C. d. , Zfttt PfaTfti giltat.
m, 12 (inW)
FiMithlng Corp* » Hcfw Torlc, V^W»
Zm fxmimBp 0, c;. *l^g©rg* Irsdustrlal ChaRlstry*, 2>. Van
l?m '•Thsory of F^.t<^ rrce«se»«*. l^<w«k»»H111 Book Co.,
7. Inlttsch, n.t p^r>> 34, 4r^3 (XtOD
X1!^, 830, Clf>27)
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in the production of
sulfuric acid by the
contact process.
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